Professor Norman Dott (Edinburgh)
The History of Surgical Neurology in the Twentieth Century An appreciation of the history of twentieth century surgical neurology requires first a preliminary study of its earlier history and background.
In the Neolithic period surgeons devised means of opening the living skull. Ancient skeletal remains inform us that some of these operations were performed therapeutically for fractures of the skull and that most of the patients survived for years; others may have had a ritualistic significance. They used the 'tumi', a perforator and scraper fashioned from obsidian or flint. By about 400 BC Hippocrates was recommending trepanation for compound fractures of the skull, severe headache, epilepsy and for certain varieties of blindness; however, his operations involved the scalp and skull only, and he cautioned emphatically against surgical penetration of the dura mater. He attributed traumatic unconsciousness to 'commotio cerebri'. Metals had become available before his time, and he had quite useful tools for dealing with the skull, the 'terebra' or drill of several ingenious patterns, including the 'terebra serrata' or trephine, saws, chisels and gouges of various forms and the 'lenticular' or bone elevator.
Surgery in the pre-Listerian era, when most wounds suppurated, remained cranial rather than neurological. Surgeons knew the dire effects of intradural suppuration or hlmorrhage and very properly avoided them in their surgery. Another important factor in restricting surgical endeavour was the paucity of knowledge of brain functions. Very occasional records of dural puncture and even of brain puncture to evacuate a hmmatoma or purulent collection or to tap a hydrocephalus, had been recorded during the two centuries before Lister. The functions of the spinal cord were earlier appreciated, and quite effective means of reduction of fracture-dislocations of the spine, even utilizing skeletal traction, were in vogue.
By the eighteenth century a distinction between the unconsciousness due to concussion and that due to increasing compression was recognized and surgeons practised not only the earlier prophylactic trephining to forestall the complications of compound fractures but also a new urgent trephining for increasing compression, with a view to releasing extradural accumulations of blood or pus. Knowledge of neuroanatomy, pioneered by Vesalius, of neurophysiology, pioneered by Magendie, and of neuropathology, pioneered by Morgagni, had been accumulating, but could not be surgically utilized before the aseptic era.
The advent of anesthesia in the 1840s, while it greatly facilitated surgery in general, made little immediate impact on cranial surgery for the reasons just mentioned.
In the 1860s Semmelweis brought asepsis to obstetrics and Lister initiated asepsis in surgery. Liberated surgery gained rapidly increasing access to the abdominal cavity, but access to the thorax was delayed by problems of differential gas pressures. The development of intracranial neurological surgery was still held back by the paucity of knowledge of brain functions. However, from the 1840s the great French and English schools of clinical neurologists were under way; from the 1870s neurophysiology advanced rapidly and neuropathology was steadily accumulating data.
A few early post-Listerian pioneers of truly neurological surgery lost no time in exploiting the benefits of aseptic surgery together with the knowledge of brain functions then extant. Chronologically they were led by Sir William Macewen of Glasgow from 1879 onwards, in respect ofsuccessful surgical attacks upon tumours of the brain and spinal cord and upon brain abscesses and intracranial haematomas. He had an early association with Lister's aseptic technique and was a surgical pioneering genius in many directions. The author was fortunate to see him superbly conducting a pneumonectomy in 1916, when, with another second-year Edinburgh medical student, he succeeded in sneaking into his theatre in 'the Western' in Glasgow.
Victor Horsley was already active in experimental neurophysiology at this time; within a few years he followed Macewen's lead in clinical neurological surgery, and soon far surpassed him in this field. Though a brilliant and ambitious surgeon, achieving early in his career one of the most prized chairs of surgery in London, yet he sacrificed it in order to concentrate his effort on neurophysiology and clinical surgical neurology. He may properly be regarded as the first specialized surgical neurologist. He had the advantage of close co-operation with the eminent London medical neurologists of his day. His early experimental work on cortical localization was done with the young physiologist, Sbarpey-Schafer. It was from Schiifer's laboratory that he imported hxmostatic bone wax into the clinical field. In later experimental work with Dr Robert Clark, he used the latter's ingenious stereotaxic apparatus. It is of interest that Clark was most anxious that his machine should be put to clinical use, and that Horsley, as an orthodox surgeon, would not countenance this. In later life his deep interests in medical, scientific and political associations and in medical aspects of sociology claimed much of his energy. Neither he nor Macewen left personal disciples to posterity. They were individualists in their work.
Contemporaneous with Horsley were a number of leading general surgeons in Europe, who made special endeavours in the field of neurological surgery. The most important of these was Fedor Krause, who was able to concentrate his activity to a large extent on surgical neurology in co-operation with the outstanding medical neurologists of the Berlin school. This culminated in his remarkable textbook of 1911, 'Surgery of the Brain and Spinal Cord' (Krause 1910-12) .
In Paris, Thi6ry de Martel provided surgery for the great French neurologists. He modelled his work on that of Horsley, whom he frequently visited, and he was highly ingenious in technical innovation.
Mention should also be made of Ludwig Puusepp. Shortly before the turn of the century Vladimir Bechterew, the notable and influential physiological neurologist of Petrograd, had felt the need for a surgical member in his team and in the young Puusepp he found an enthusiastic and able ally. Soon he was promoted to Professor of Clinical Neurology. This was probably the first academic chair accorded to surgical neurology. In it he acquired considerable international distinction, though his career was blighted by the wars and political upheavals of his country.
Otfried Foerster of Breslau was the leading and very eminent neurologist of Germany during the first quarter of the twentieth century. Sh6rtage of staff during the 1914-1918 war forced him to attempt the surgery required by his patients, though he was ill-adapted to this aspect of neurology.
In North America at this time, Keen in the United States acquired a considerable reputation in cranial, among other branches of surgery; but surgical neurology had not yet appeared there. Apart from these few early post-Listerian pioneers of surgical neurology, it remained generally at the level it had maintained for several millennia, namely occasional surgical intervention for trauma of the skull and spineand this up to about 1920 in most medical centres. It was an unwelcome task of general surgery. Few surgeons willingly took the trephine from the velvet-lined compartments of its polished mahogany case, where it was kept on inventory with a pious hope that none of the physicians would discover a pretext for its baleful use.
But Harvey Cushing had come! He was of a tough, puritanical New England stock. He had graduated in medicine in 1895 and by 1899 had decided to specialize in surgical neurology. He was fortunate in his surgical mentor, W S Halsted of the new Johns Hopkins School at Baltimore. Halsted had developed an ideal surgical technique that fully utilized the advantages of anwsthesia and asepsis for the first time, and this Cushing inherited. Halsted was also pioneering specialization in surgery with his young men. He was, at first, somewhat discouraging of specialization in neurological surgery as likely to be too unrewarding; but he nevertheless provided the ardent Cushing with generous opportunity. Among these facilities he arranged for him a year's travel-study in Europe in [1900] [1901] With these remarkable advantages Cushing sternly set himself the task of becoming the best surgical neurologist in the world, and he appreciated this task with remarkable insight and clarity. He was now a man with a mission. He restricted his professional activities exclusively to clinical surgical neurology and related neuroendocrine research, and so placed surgical neurology on a firm footing as an appropriate specialism. His principal hobby became medical historical study and collection. By 1908 he was gathering round him young colleagues in the related fields of neurophysiology, neuroophthalmology and neuropathology; and he had already published a paper on 'The Special Field of Neurological Surgery' (Cushing 1905), which set forth his credo and reviewed his experiences up to that time. In 1908 Sir Edward Sharpey-Schafer gave the Herter lectures at Baltimore, one of which concerned the mysterious pituitary gland. Immediately after this Cushing embarked upon his important series of experimental studies of pituitary function. Soon he began to investigate and treat clinical cases of pituitary disease; and his interest in endocrinology as an extension of neurology proved to be an abiding one. By 1912 he had already achieved international fame as a surgical neurologist and expert on pituitary disorders and physiology. His surgical results were so far in advance of anything achieved up to that time as to seem almost incredible. In 1912 he was appointed Professor of Surgery at Harvard, and he transferred to the Peter Bent Brigham Hospital in Boston. His brilliant junior, Walter Dandy, succeeded him at Johns Hopkins.
In his war service of those days he was able to set a high, yet practical standard of military neurological surgery. It is of interest that he was anxious to establish an American veterans' neurological institute with a view to conserving the lessons of the 1914-1918 war; this was, perhaps, the only major project that he failed to accomplish.
He set the highest possible standards in his publications, which concerned mainly varieties of brain tumours and pituitary disease and physiology, and the physiology, pathology and surgical aspects of the cerebrospinal fluid circulation. His output was fantastic. As an intern he had assisted in the introduction of clinical radiology, and he fostered and utilized neuroradiology and radiotherapy throughout his long and fruitful life. He was alert to any advances that might benefit his patients, as when he pioneered the development of electrosurgery in 1927. Every year, to that of his retirement, he strove, and that successfully, to improve the outcome of treatment for his patients. He travelled extensively and frequently and was much in demand abroad.
After the war, when Cushing was able to settle to his work in Boston, his sense of mission led him to take on a series of carefully selected young men for training, who absorbed his discipline in surgery, organization and standards. The first of these postwar disciples was Percival Bailey, who remained with him for several years and in addition to acquiring his surgical standards was able to use the rich resources of his service to study the pathology of pituitary tumours, the physiology of the diencephalon, and the pathology and life history of tumours of the glioma group. Cushing began to accept foreignsponsored assistants for training, as well as promising young men from the USA and Canada. Most of them, under his dominant personality and iron discipline, which he imposed equally on himself and on them, became ardent disciples. Imbued in their turn with his missionary zeal, they returned to their home territories where they trained Cushing 'grandchildren'. Thus he finally encircled the globe with a close-knit family of surgical neurologists, each member having the Cushing stamp.
Primarily a clinician, faithful to his patients' trust, he was an international scholar and leader. In these aspects he more closely resembles the great religious founders of history than any other doctor who has yet appeared. He became the most widely acclaimed and honoured physician of his day. It was pleasing that, shortly before his death in 1939, he learned that his plans for the new historical library at Yale had been authorized, including the wing designed for his own priceless personal collection.
More or less contemporaneous with Cushing, and of independent development, were Frazier of Philadelphia, who had trained with von Bergmann and Virchow at Berlin, Sachs of St Louis, who had trained with Horsley in London, and Elsberg of New York and Archibald of Montreal, who had trained with Horsley and Gowers in London. Each of these men made distinctive contributions to surgical neurology. Together they founded the Society of Neurological Surgeons in 1920, with Cushing as first president and Sachs as secretary-treasurer.
At this time, chiefly owing to Cushing's influence, America was leading the world in surgical neurology. This is the more remarkable as American standards of anesthesia were then poor, and there was also a paucity of medical neurological talent there.
By the 1930s Cushing's example and his deliberate training programme had made itself felt in many lands. This is too large a subject to deal with here, but it may be illustrated by reference to developments in the British Isles.
Jefferson of Manchester, with early interests in neuroanatomy, had decided, shortly after the 1914-1918 war, to specialize in surgical neurology. He made several extended visits to Cushing. His outstanding personality and genius received recognition by his appointment in 1939 to the first chair of neurological surgery in Britain. McConnell of Dublin acted similarly for that area. Dott of Edinburgh, who had done some pituitary researcb work with Sir Edward Sharpey-Schafer, was sent to Cushing in 1923 for a year on a Rockefeller fellowship. Cairns of the London Hospital, later of Oxford, was similarly sent to Cushing for a year in 1926, at the instance of Riddoch, the neurologist. These men, in turn, handed on the Cushing torch to their own apprentices, who soon included aspirants from European and more distant lands.
American neurosurgeons were rapidly multiplying and Cushing had also trained McKenzie for Toronto. Penfield, after a period of neurophysiology with Sir Charles Sherrington at Oxford, had settled in Montreal and paid extended visits to Cushing, importing his techniques and standards there, while adding his own ideals of total neurologymedical, surgical and psychological. Percival Bailey was developing similar ideals at Chicago. Balado, who had trained with Adson at the Mayo Clinic and with Cushing, carried the torch to Buenos Aires and Latin America.
In Europe, men trained by Cushing, directly or indirectly, specialized in surgical neurology and importantlyfurthered its advance; Olivecrona in Stockholm, Paul Martin in Brussells, de Vet in the Netherlands and Torkildsen at Oslo were of this number. Clovis Vincent of Paris is of particular interest in that he had become a mature and eminent medical neurologist in the team of Babinski, who urged him to develop surgical therapy. The maestro was right, for Vincent, after an extended visit to Cushing in 1927, became a brilliantly successful surgical neurologist and the first professor of neurological surgery in Paris. He was succeeded there by Petit-Dutaillis, who had also trained with Cushing and Dandy.
In 1926, six years after the founding of the Society of Neurological Surgeons in America, Jefferson initiated the foundation of the Society of British Neurological Surgeons. Dr Cushing attended its second meeting in 1927. From an early period Jefferson alternated the biannual meetings between the then extant centres in the British Isles and those in other European countries. The British society, under his genius, thus acted as mother to the now many European societies of neurological surgery. Thanks to his never-failing tact, the British society remains a respected figure in this family of European societies. They continue to this time very much a Cushing family. An example of the further spread of this brotherhood of surgical neurologiststhis Cushing familyis Chandi at Vellore, a Penfield trainee, who developed the first department of surgical neurology in India in 1949. It is certain that if, at this time, Cushing returned to this terrestrial sphere, he would feel perfectly at home in our neurological operating rooms, whether at Buenos Aires, Bangkok, Cairo, Oslo, Paris, Lisbon, London, Boston or Edinburgh; nor would it take him long to pick up the threads of our clinical and laboratory activities.
Since the 1930s, when Cushing's standards became generally prevalent, medical, psychiatric and surgical neurology have advanced at an accelerating pace, keeping only one step behind the brilliant advances of neurophysiology, neurochemistry and endocrinology.
In the earlier part of this period British surgeons had a considerable advantage in the high quality of anmsthesia available to them. Even in the 1920s, intratracheal, intermittent pressure insufflation was in use in Edinburgh. From that time anesthesia has progressed to the present high standards available to surgical neurologists the world over.
During this period means of diagnosis have been developed, ancillary to clinical neurological examination, which latter has also become more accurate. For example, in neuroradiology Dandy's ventriculography and air encephalography have been supplemented by the angiography of Egas Moniz and its astonishing revelations. Berger's electroencephalogram has been increasingly perfected. Radioactive isotopes have been adapted to reveal and locate intracranial lesions and to measure the flows of blood and fluid within the head. The use of ultrasonic echo, borrowed from Denmark's bacon industry, is used to define and measure intracranial displacements.
An improved understanding of neuropathology has greatly helped surgical neurology; for instance, Cushing and Bailey's contributions to the knowledge of the definition and behaviour of the various neoplasms, and Barr and Mixter's revelation of the role of the intervertebral disc in relation to sciatica and brachialgia. An important advance was an appreciation of the neurological syndromes provoked by pressure displacements of the brain and its vasculature, initiated by Jefferson in his early studies of patients with accumulating post-traumatic clots. We are but on the threshold of revelations likely to come from immunology, histochemistry, enzyme deficiences and electron microscopy.
Facilities and instrumentation have greatly improved, as in air-conditioned operating rooms, surrounded by sophisticated monitoring equipment. Electrosurgery, introduced by Cushing in 1928, has notably enlarged the scope of brain and spinal cord surgery, X-radiotherapy has been progressively improved and its place defined in relation to neurological diseases, and other forms of radiation have been introduced. An ingenious valve device has brought hydrocephalus under surgical control. The stereotaxic apparatus of Horsley and Clark has been revived and simplified for specific clinical purposes, as Clark had hoped, and its accuracy has been enhanced by monitoring the electrical activities and evoked potentials that its probe encounters. Cryosurgical techniques have been developed; microsurgery has been borrowed from our otological colleagues; and microneurosurgery has been developed, notably by Krayenbuhl of Zurich, improving results and opening new fields of action.
The scope of surgical neurology has been greatly extended during the past forty years. In the traumatic field it has advanced with a better understanding of the factors that secure recovery of neural tissue. The surgery of the intracranial aneurysms is a new field since the young Dr Charles Symonds explained to Dr Cushing in 1922 how they could be diagnosed.
Likewise, the surgery of the intervertebral disc is a new field. Surgery designed to improve neurological function has evolved since the treatment of tic douloureux so dominated the efforts of the pioneer surgical neurologists. Thus the surgery of epilepsy, so ably developed by Penfield, is a new and important field, since the early efforts of Krause and of Puusepp. The frontal lobotomy for certain psychological disorders, initiated by Moniz and Lima in 1934, has been progressively modified, especially by stereotaxic techniques, and has led the way for modem pharmacological therapy. The dyskinesias have been tamed by stereotaxic surgery; and here again the surgical neurologists have welcomed the pharmacologists' recent successes in this field. Therapeutic hypophysectomy has entered the fields of diabetes and of cancer.
Diminishing areas for surgical action have been those of tuberculosis and pyogenic infections, trigeminal neuralgia, psychological disorders and hypertensionall by reason of improving pharmacology and, in the case of tuberculosis, of public health measures.
Increasing fields of neurosurgical endeavour are, unfortunately, traumatic injuries, in which co-operation with preventive agencies and with the colleagues of other relevant clinical disciplines are so important. The surgery of spina bifida and associated hydrocephalus is increasing by reason of the survival of babies with these conditions, as the formerly fatal complications are now being prevented. It is probable that surgical therapy for epilepsy will increase in co-operation with medicinal control.
The surgical neurologists of the past forty years have been good co-operators, and it is interesting to note their leadership in introducing improved techniques that have soon been adopted by surgery in general.
The future for surgical neurology probably lies in the closer integration of neurology as a whole, including medical, psychiatric and surgical neurology within its curtilage; in yet closer ties with neuro-ophthalmology, otology and endocrinology; and in increasing involvement with the neuroanatomist, physiologist and pathologist. The science of neurology is more significant than a particular mode of therapy. Strength for future progress lies in well-chosen unity. It is now fifty years since I first went to The National Hospital, Queen Squarewith the intention of staying for six months. At that time there was very little neurology in this country outside London and even in London all the physicians at the neurological bospitals were appointed to their other hospitals as general physicians. Kinnier Wilson at the Westminster Hospital was the first to be given a specialized neurological appointment at a general hospital; later he transferred to King's
